The objective of this study is to understand the functional potential of the 6 microbial community related to bioremediation activity and its relationship with the pollution of each site to enhance the future design of more accurate 8 bioremediation processes. Water samples were collected at four sampling sites along the Apatlaco River (S1-S4), and a whole metagenome shotgun 10 sequencing was performed to know and understand the microbial community involved in bioremediation. Additionally, HMMER was used for searching 12 sequence homologs related to PET and polystyrene biodegradation and metal transformation in Apatlaco River metagenomes. The Apatlaco River is 14 characterized by the presence of a broad spectrum of microorganisms with the metabolic potential to carry out bioremediation activities. Every site along the 16 Apatlaco River has a particular community to perform bioremediation activities.
Introduction
Rivers are complex systems closely and continuously connected to terrestrial 34 ecosystems. The connection creates dynamic riverine ecosystems that experience a high flux of nutrients (Y. W. Zhao et al., 2019) . Typically, the 36 amount of Carbon (C) that rivers transport to the ocean is a small fraction of the total amount of C that rivers receive from terrestrial ecosystems. Some of the 38 remaining C is returned to the atmosphere in the form of CO2, while another part is stored in river sediment (Wang et al., 2016) . Besides, some C is also 40 incorporated into the trophic chain. However, at present, rivers transport unusually high amounts of C and other compounds as a result of human 42 activities in addition to the normal flow of C from terrestrial ecosystems (Peters et al., 2019) . 44 A polluted river is a complex ecosystem given the different chemical substances that flow into the waterway such as heavy metals, hydrocarbons, high amounts 46 of organic matter as well as chlorinated, nitroaromatic and organophosphate compounds (Y. Zhao et al., 2019) . The biogeochemistry of polluted rivers is 48 unbalanced because the energy captured to support either biosynthesis or respiration is more than the system requires; additionally, toxic compounds 50 modify the microbial community (Li et al., 2013) .
As a result, it is necessary to address pollution from a practical and affordable 52 approach; a way to achieve this is via bioremediation. Bioremediation is a process used to reduce environmental contaminants by employing enzymes, 54 microorganism, plants, microbial metabolites, or any bioproduct (Arora and Bae, 2014; Suthersan, 1999) . However, a lot of uncertainty continues to surround 56 some bioremediation strategies due to the lack of understanding of the specific microbes that are vital to performing the transformation of pollutants resulting 58 from unspecific strategies that employ consortia of bacteria to carry out bioremediation projects (Dvořák et al., 2017) . Only 1% of microorganisms are 60 cultivable, and the community consortia have more microbes than the number of microorganisms that can be measured with traditional techniques (Ghosh and 62 Bhadury, 2018). In contrast, Next-Generation sequencing such as the Whole Metagenome Shotgun (WMS) approaches to discover the total genomic content 64 and microbial functions of the sample, which permits an understanding of the biochemical interactions of the microbial population with the surrounding 66 environment without the limitations of the culture-based techniques. Besides, a resolution is higher than the universal 16S marker gene profiles (González-Toril 68 and Aguilera, 2018; Techtmann and Hazen, 2016).
Research into the microbial ecology of impacted sites, including the complete 70 genome sequences of diverse microorganisms and additionally their functions and the factors that influence these functions, could be useful to determine the 72 gene pool of enzymes necessary for the degradation of the pollutant (Liu et al., 2018; Megharaj et al., 2011) . Furthermore, this knowledge could help to select 74 the best approach to eliminate pollution at the site. In some cases, the polluted site may include species that tolerate the contaminant, although this species is 76 not dominant due to the lack of an appropriate carbon source (Techtmann and Hazen, 2016) . In other contexts, there may not be a microorganism naturally 78 available with the metabolic capacity to process the pollutant however a more effective microorganism could be added to the polluted location (Uhrynowski et 80 al., 2017) . A clear understanding of these characteristics of the river assists in the development of an effective bioremediation strategy to reverse the impact of 82 pollution.
The Apatlaco River is located in central México in the state of Morelos. It is 84 63km in length and provides water to 10 state districts and an average of 2 millions of people (IMTA, 2008) . The river receives 321 wastewater discharges, 86 of which 49% come from industrial activities, 42% from the domestic sector and just 9% from farming ( Fig. 1) . As a result of these discharges, the contamination 88 of the river is heterogeneous (Moeller-Chávez et al., 2004) . Therefore, it is necessary to find a feasible solution to treat the river that is an essential key in 90 regional development.
Therefore, the objective of this study is to understand the functional potential of 92 the microbial community related with bioremediation activity and its relationship with the Apatlaco's pollution to enhance the future design of more accurate 94 bioremediation processes.
96

Materials and Methods
Study site, sample collection, and chemical parameters measured 98
The water samples were collected at 4 sampling sites along the Apatlaco River (S1-S4), where S1 is clean, (-99.26872, 18.97372 ) and S2 (-99.2187, 18.83) , 100 S3 (-99.23337, 18.78971) and S4 (-99.18278, 18.60914) have different level of pollution (Table 1, Fig. 1 ). At each point, 10 different water samples of 1 L were collected and then combined to form a single sample for molecular analyses.
After received, the samples were kept in ice and transported to the laboratory 104 for further processing. The chemical oxygen demand (COD) was determined with the colorimetric 124 method using HACH digester DRB200 and the DR900. , and total dissolved solids (TDS) were measured according to Standard Methods. reads with a length of 75 bp.
Data Analysis 156
After performing a quality control analysis using the FASTQC program and lowquality sequences were removed using an in-house Perl script (Andrews, 2010), , 2006; Hovasse et al., 2016; Mattes et al., 2008; Mekuto et al., 2018) .
194
In S1 the genera with these abilities were Thiomonas, Polaromonas, Pedobacter, and Myroides, the first three genera are specialists in heavy metal accumulation, biosorption, and reduction and the last one inorganic material mineralization (Magic-Knezev et al., 2009; Margesin and Zhang, 2013; Mekuto 198 et al., 2018; Zheng et al., 2014) . The Polaromonas genus found in S1 is representative of clean water with low levels of COD and nitrogen, just like S1 is 200 ( Microbial transformations of contaminants take place as a consequence of the use of pollutants as a source of carbon or as an electron acceptor (Fig. 2) .
226
Figure 2
The dynamic microbial transformations of contaminants take place as a consequence of the use of pollutants as a source of carbon or as an electron 228 acceptor 230 O2 acts as the terminal electron acceptor in the process of aerobic respiration while NO3 -, CO2 or fumarate can be used as terminal electron acceptors for 232 anaerobic respiration. Aerobic respiration is energetically more efficient than other electron acceptors. However, O2 is not always the most available electron 234 acceptor at all parts of the rivers. Despite this, the results showed evidence of microorganisms, which can use another electron acceptor such as nitrate.
Regarding the aerobic degradation of pollutants predicted by the KEGG ortholog groups (KOs), there are several enzymes involved in the 238 biodegradation of aromatic compounds. The enzymes found at S1 were dioxygenase and dehydrogenase, which can degrade Catechol, Biphenyl, 240 Naphthalene, and Phthalate. While S2 and S3 are both rich in dioxygenase and decarboxylating dehydrogenases involved in the degradation of Toluene,
242
Fluorobenzoate, Xylene, Phenylpropanoate, and Phenol. S3 also has monooxygenases which degrade Benzene. All of the earlier mentioned 244 enzymes were also found at S4. These compounds are used to make lubricants, drugs, dyes, pesticides, and rubbers. Given that an industrial park is 246 located close to the river, the afore mentioned presence of enzymes suggests that the industrial park does not have the necessary water plant to correctly 248 treat their effluents and perhaps this constant discharge have selected the microbial community.
250
When O2 is scarce, nitrate is the next most energetically favorable electron acceptor which can reduce or denitrify bacteria; this last group is facultative 252 anaerobes. The river is a dynamic system where several processes happen at the same time, some groups of bacteria use O2 while in oxygen deficient areas 254 the nitrate reducing, or denitrifying bacteria use nitrogen. Figure 3 shows the logarithmic rise in the enzyme levels related to the increased level of TN. The 256 enzymes involved in the nitrogen cycle were mainly oxidoreductases. Under the assumption of a different selective pressure gradient along the river, due to 258 steady pollutant discharges, among S1-S4 sites we observe a differential distribution of the molecular functions assigned to various metabolic processes Other compounds that are missing in most databases include heavy metals, 320 and this is because some metals such as Cu, Zn, and Fe are protein cofactors while other metals such as Cd, Ag and Pb do not play a role in bacterial 322 metabolism (L. Wood et al., 2016) . However, even at deficient concentrations, not essential metals or essential metals at high levels are toxic for 324 microorganisms and it can be difficult to distinguish between the pathways involved in metabolism and the different strategies that microorganisms employ 326 to deal with metals. Microorganisms can adsorb metals, change their speciation to less harmful compounds, and mineralize (Sharma and Pant, 2018) .
328
Biosorption is mostly carried out by proteins called metallothioneins while speciation is a common reduction mechanism; some examples are Cr 6+ to Cr 3+ ,
330
AsO4 3to AsO3 3-, Hg 2+ to Hg 0 (Gutiérrez et al., 2018a) .
The Aplataco´s water has some metals; however, only Pb and Cd levels were 332 above the national standards ( 
